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Diagnosis of Schizophrenia 

This invention relates to methods of diagnosis of schizophrenia (SZ), and to 
methods for the prevention, treatment, or amelioration of SZ. 

SZ is a severe psychiatric disorder characterized by haihicmations, delusions, 
disorganized thought, and various cognitive impairments. Polygenic models of 
inheritance and linkage analysis studies have postulated that several genes confer 
suscepUTrility to SZ. Hakak et al (PNAS, 2001. 98 (8) 4746-4751) have reported that 
fee expression levels of genes involved in neuronal myelmation. development, 
synaptic plasticity, neurotransmission, and signal transduction were altered in the 
dorsolateral prefrontal cortex of SZ brain tissue. Mimmack et al (PNAS. 2002. 99 (7) 
468CM685) have found significant un-regnlation of several members of fee 
^lipoprotein L family in fee prefrontal cortex of schizophrenia brains. Nfiddleton et 
al (Journal of Ncureseience, 2002. 22 (7) 2718-2729) have identified alterations of 
specific metabolic pathways in schizophrenia However, fee molecular basis of 
schizophrenia is only beginning to be understood. Ibis has hampered reliable 
diagnosis and effective treatment of the disorder. 

We have identified abnormalities in the expression levels of several genes in 
fe B prefrontal cortex of patients wife schizophrenia compared wife control samples. In 
particular, fee expression level of fee following genes was observed to be decreased in 
theprefiontal cortex of schizophrenia patients: 

PARGjOLRl; ARPC3; ARPC3; DNCU1; PPM1A; ATPIF1; TIMM17A; PNAJA1; 
SST; NEUROD6; ICAP-IA; FLJ232S1; KCNK1; FLJ13611; HIWP5; TACl; 
MAGEH1; C13orfl2; EBNA1BP2; DIRAS2; MPPE1; 
Ornithine related genes: OAT; OAZIN; OAZ2; 
Arginine related genes: ARG2; 

ATP synthase (mitochondrial) genes: ATP6V1B2; ATP6TP2; ATP6V1C1 ; 
ATP synthase (vacuolar) genes: ATP5J; ATP5G3; ATP5L; ATP5C1; ATP5FI ; 
ATP5A1* 

Complex ! genes: NDUF A5; NDTJFA6; NDUFAB1; NDUFB3; NDUFB6; NDUFB5; 
NDUFB1 ; NDTJFS4; NDUFA4; NDUFC2; NDUFB4; 



Complex 4 geoflK C03C7A2; CC0C7B; CQX5A; CQX17; COXH; C0X7CP1* 
COX7BPU 

Holooytochronw c Synthetase genes: HCCS; 
Adenine translocates genes: SLC2SA4 

VDAC2; VDAC1P; VDAC3; 

Lactate metabolism genes: LDHB; LDHA; 

Isocitrate dehydrogenase genes: 1DH3B; IDH3 A 

HMG related genes: HMGCR 

Glutamate metabolism genes: GLRX2. increased in 

The expression level of the following genes was observed to 
^prefrontal cortex of schizophrenia patients: roi 5A1- NY-REM- 

il; PRDDH; AMT; CLN3; ACOX1 ; GCDft COL5 Al . NY-*BN 

24; TXNL2; SOD3; BCAT2; 

purine metabolism (matrix) genes: ALDH4A1; ^1 

Zlloproteinsgeaes^ 

Arginine related genes: DDAH2; 

Glycine/Serine metabolism genes: AMT; 

HMG related genes: HMGCL; 

genes ^ — 

f ^ fenowins eenes is downregulated: PARfcr, vuaw, 

M if ^ f «. g ; NCU1; PPM1A; AOTF1; go** 

TXMM17A; IDH3B; ARG2, DNAJAi. »». 



KCNKl; SLC25A4; KJ13611; HH0P5; COX7A2; COX5A; TAC1; UQCRH; 
MAGEHl; C13orfl2; EBNA1BP2; DIRAS2; MPPE1; and expression of the 
following genes is upmgulated: FBS1; WFS1; PRODH; AMT; CLN3; ACOX1; 
G6PD; GCDH; COL5A1; NY-KEN-24; HMGCL; TXNL2; SOD3; BCAT2; MT1X. 

Thus, the reliability of diagnosis of schizophrenia should be dramatically 
increased by determining the expression levels of the majority, preferably all of these 



According to the invention there is provided a method of diagnosing whether a 
subject has, or is at risk of developing schizophrenia, which comprises determining 
the expression level of me majority (preferably all) of the following genes, or the 
tevels of the majority (preferably all) of the proteins encoded by the following genes 
in a biological sample obtained ftom the subject, or in a sample derived from a 
biological sample obtained from the subject: PARC; VDAC2; OLRl; ARPC3; 
ARPC3; UQCRPS1; DNCLI1; PPM1A; ATPIF1; GLRX2; T1MM17A; IDH3B; 
ARG2; " DNAJA1; SST; NEUROD6; ICAP-1A; FLJ232S1; KCNKl; SLC25A4; 
FU136H; HIRIP5; COX7A2; COX5A; TAC1; UQCRH; MAGEHl; C13orfI2; 
BBNA1BP2; DIRAS2; MPPE1: FBS1; WFS1; PRODH; AMT; CLN3; ACOX1; 
G6PD; GCDH; COL5A1; NY-REN-24; HMGCL; TXNL2; SOD3; BCAT2; MTIX. 

If the level of the proteins or expression products in the brain is abnormal (for 
example compared with control samples from non schizophrenic brains), the subject is 
diagnosed as either having schizophrenia, or being at risk of developing 
schizophrenia. 

In particular. Hie subject is diagnosed as either having schizophrenia, or being 
at risk of developing schizophrenia, if the expression level of the majority (preferably 
all) of the fouowing genes, or the level of the majority (preferably all) of the proteins 
encoded by the following genes is reduced compared to a normal subject: PARG; 
VDAC2; OLRl; ARPC3; ARPC3; UQCRFS1; DNCLI1; PPM1A; ATPIFl; GLRX2; 
TIMM17A; IDH3B; ARG2; DNAJA1; SST; NEUROD6; ICAP-1A; HJ232S1; 
KCNKl; SLC25A4; FU13611; HffilPS; COX7A2; COX5A; TACl; UQCRH; 
MAGEHl; C13orfl2; EBNA1BP2; DIRAS2; MPPB1; and the expression level of the 
majority (preferably all) of the following genes, or me level of the majority 
(preferably all) of the proteins encoded by the following genes is increased compared 
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to a ^ **« » WFS,; PRODH; CUO, ^ «■* GCDH; 
C0L5A1; NY-BEN-24: HMGCL; TWI* S0D3; BC«* ^ 

The tan. "majority" used herein means more than 50%, «^»"" 
«*, „„» pxefcrably - ~ KW. — i— * " — 
least 90%, most preferably all. . 

» * expected that upto 90% reliability of diagnosis of achraophrema - be 




^,1 - *• — — — • - — *" - deVe, ° PmB 

Cells Elated the d— human n euroepi*eu«m can be *o^ed m 
cu «ureld grown - abates termed (Svendsen CN, and SmU* £ 

culture ana gro contain a mixture of neural stem 

Tr^ds Neuroso 1999 Aug; 22(8). 357 6*) ^ ^ 

and progenitor cells, can be propagated in culture for extend nm P 

Lnrioa. ^..derive, ftomthebiolosical ^^^^.^ 

, ^. , .^le enmorises peripheral tissue or a peripheral 
Preferably the biological sample comprises p«v 

«JL with the level of the correspond^ protein, - the express- level of to 

Sutt able periph^ .issue may comprise Wood (c—S of P>— and blood 
,»»*) fttapJbl. a — d level of prole*. or co^d gene 
C oo^M one or more types of blood cell but not in others. In this 
re^^-^of^^or^^^^^- 

least torn some of the Was of Wood cells <hat do no. have oooalated levels « 

^TIU— • « .«—*>- ofproteh, 

^in^^oua^ofh.o.doeU.h^oensofeaohtypeoooldbesep^ 
^ if oaessaty, pooled togeftet for the detemrinatwrn. 

A coTJTlevel o, ptotain. or -« ■« session may oca, m 
e^ocyte* («d cells). or leukocytes (granulocytes- neufrophd, 

« a moph!ls, or basophils; or lymphoid cells: lymphocytes or monocytes). 



Methods of deterniiinng the expression level of a genearc weUlmc^to those 
of ordinary skill in the art. For example, mis may be achieved by determining *° 
level of mBNAor protein expressed ftom the gene in the biological sample. 

Examples of suitable methods for determining the level of mRNA expression 
are quantitative PCR (in particular, real-time quantitative PCR) performed on cDNA 
produced by reverse transcription of the mRNA, and Northern blotting. 

In. a preferred method of determining the level of mRNA expressed* total KNA 
is obtained torn the biological sample, cDNA is synthesized from mRNA of the gene, 
andihe cDNAis used for real-time quantitative PCR analysis to determine the level of 

the mRNA in the sample. 

Examples of suitable methods for determining the level of protein expression 
are Western blotting and enzyme-linked immunosorbent assay (ELBA). 

A binding partner of an expression product of the gene, may be used to detect 
toB level of mat expression product. The binding partner may be a protein, preferably 
an antibody or antibody fragment The antibody or antibody fragment should bind 
specifically to the expression product so that the level of the expression ^ductm me 

biological saxnple can be determined. 

The binding partner may be a nucleic acid capable of hybridizing to a nucleic 
acid expression product of the gene. The nucleic acid should hybridize specifically 
(for example under conditions of high stringency) to the nucleic acid expression 
product so that the level of the nucleic acid expression product in the biological 
sample can be determined. A preferred nucleic acid binding partner is an 
oligonucleotide primer for the synthesis of cDNA by reverse transcription ftom 
mRNA of the gene. 

The level of a nucleic acid expression product of the gene is preferably 
determined by amplification of that nucleic acid expression product, for example by 
PCR- Thus, primers capable of amplifying the nucleic acid expression product are 
provided. Nucleic acid capable of hybridizing (preferably under conditions of high 
stringency) to nucleic add that is complementary to a nucleic add expression product 
of the gene and/or nucleic acid which Is a binding partner (preferably under conditions 
of high stringency) of an expression product of the gene may he used to amplify a 
mrcleic acid expression product of the gene, for example to detect an expression 
product of the gene. 
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There is also provided according to the invention a kit for the diagnosis of 
schizophrenia that comprises means for detecting the protein or expression products 
of the majority {preferably all) of the genes listed above in relation to methods of the 
diagnosis of the invention, Each detecting means may comprise a binding partner of 
the protein, and/or a nucleic add capable of hybridizing to nucleic acid that is 
complementary to a nucleic acid expression product of the gene. According to a 
preferred embodiment, the expression levels may be determined using a gene chip. 

According to the invention there is also provided a gene chip for use m a 
method of diagnosis of the invention, the gene chip comprising a plurality of different 
probed capable of hybridising to nucleic acid expression products of the majority 
(preferably all) of the following genes: PAK.G; VDAC2; OLR1; ARPC3; ARPC3; 
UQCRFSl; DNCLI1; PPM1A; ATPIF1; GLRX2; HMM17A; IDH3B; ARG2; 
DNAJA1; SST; NEUROD6; ICAP-lA; FU23251; KCNK1; SLC25A4; HJ13611; 
H3RIP5; COX7A2; COX5A; TAC1; UQCRH; MAGEH1; C13orfl2; EBNA1BP2; 
DIRAS2; MPPEl; FBS1; WFS1; PRODH; AMT; CLN3; ACOX1; G6PD; GCDH; 
COL5A1; NY-REN-24; BMQCL; TXNL2; SOD3; BCAT2; MT1X. 

There is also provided according to the invention a method of diagnosing 
whether a subject has, or is at risk of developing schizophrenia, which comprises 
determining the expression level of the majority' (preferably all) of following genes* or 
the levels of the majority (preferably all) of the proteins encoded by the following 
genes in the brain (preferably the prefrontal cortex) of the subject: PARG; VX5AC2; 
OLR1; ARPC3; ARPC3; UQCRFSl; DNCLI1; PPM1A; ATPIF1; GLRX2; 
TIMM17A; IDH3B; ARG2; DNAJA1; SST; NBUROB6; ICAP-1A; FU23251; 
KCNK1; SLC25A4; FLJ136U; HDUP5; COX7A2; OOXSA; TACl; UQCRH; 
MAGEHlj C13orfl2; EBNA1BP2; DIRAS2; MPPEl: FBS1; WFS1; PRODHj AMT; 
CLN3; ACOX1; G6PD; GCDH; COL5AI; NY-REN-24; HMGCL; TXNL2; SOD3; 
BCAT2;MTDC 

There is further provided according to the invention a method of prevention, 
treatment, or amelioration of schizophrenia which comprises increasing the level or 
activity of the majority (preferably all) of file following proteins in the brain (in 
particular the prefrontal cortex) of a subject in need of such prevention, treatment, or 
amelioration: PARG; VDAC2; OLR1; ARPC3; ARPC3; UQCRFS1; DNCLI1; 
PPM1A; AlPIFl; GLRX2; WMM17A; IDH3B; ARG2; DNAJA1; SST; NEUROD6; 



ICAP-1A; FU23251; KCNK1; SU35A4; FLJ 13611; HKIP5; COX7A2; C0X5A; 
TAC1; UQCRH; MAOTH1; C13orfl2; EBNA1BP2; DIRAS2; MPPE1; and reducing 
the level or activity of me majority (preferably all) of the Rowing proteins in the 
brain (in particular the prefrontal cortex) of the subject: FBS1; WFS1; PRODH; 
AMT; CLN3; ACOX1; Q6PD; GCDH; C0L5A1; NY-REN-24; HMGCL; TXNU; 

SOD3;BCAT2;MTlX. 

The level of a protein may be altered by gene therapy. The level of a protein 
maybe altered by use of a regulator of expression of a gene coding for the protein. 

Experiments which are the basis of the invention are described in the 
following example, with reference to the accompanying drawings in which: 
Figure 1 shows mitochondrial changes associated with schizophrenia; 
Figure 2 shows sample quality control steps; 
Figure 3 shows data quality control steps; 

Figures 4 and 5 show clustering analysis between control (C) and schizophrenia (S) 
samples; and 

Figure 6 shows oxidative buffering. 
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Example 

Integrating Transcriptomics, Proteomics, and Classical Genetics: 
Fishing in modern neurapsychiatric research 

Affymetrix® GeneChip® Post-Mortem 
Brain Studies 



HG-U133 set includes: 

— 39,000 probes 

— 33*000 annotated 

— 2 chips: A and B 

Each w/ -23,000 genes on 1.28 
cm 2 



Our Studies; 

— 150 PM human brain samples from 
SMRI 

— Completed on HG-U133A chips and 
continuing onB 

— Extensive Quality Confa»l(QC) steps 

— Cluster analysis 



Sample QC Steps (see Figure 2): 

Total RNA is screened for degraded sample 

6RNA is generated and screened for poor modal length 

— Poor samples are run on Tests GeneChips® 

— Frisittae samples are ran on Ul 33 
GeneChips® 

Micro arrays are put through our in-house Data QC 
screen and only "clean* data sets are retained, poor set 
samples are rerun or rejected 



Data QC Steps (see Figure 3): 

6 data filters 

— RNA digestion plots 

— Box plots 

— 2 D-chip screens 

— in-house parameter 
script 

— In-house heuristic 
meta-analysis script 
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Data Mining 



" FoW iMffenmce and Significance Filtering 

- Subset Significant Gene Overlapping 

- Pathway Specific Filtering 

Initial Clustering (17,886 genes) 

Patients begin to separate ... , 
Vu* A.uccsbegta^ te g = g«up 9 of paten* o» a 1*m *** (3W 



Filtering on oxidative stress 

_ 82% separation for C in S 
— 90% separation for S in C 



jggfc Rvirtence f~^ft stress feeg Figure §) 



Oxidative Stress: 

Evidence for Stress Response 

Up-regulations in MT transcripts 

Changes in specific ROS stress systems including: 

— SOD's ~~ mFs 

— MSR Fe 

— GLRX 

— PDCD's 

— Specific RAS pafcways 
Changes in PNA repair i 
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Future Directions 

. Continue data miring of Aflfcnetrix® xesuta 
- Validate gene nits via Q-PCR and 

. ceaeCttp a^s of tissues inciudingHve, ^ blood and duxatnata 
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L A method of diagnosing whether a subject has, or is at risk of developing 
schizophrenia, which comprises detexmining the expression level of the majority of 
the following genes, or the levels of the m^ority of the proteins encoded by fhe 
following genes in a biological sample obtained from tbe subject, or in a sample 
derived ftom a biological sample obtained from the subject: PARC?, VDAC2; OLR1 ; 
ARPC3; ARPC3; UQC3RFS1; DNCLI1; PPM1A; ATPIF1; GLRX2; TDMM17A; 
IDH3B; ARG2; DNAJA1; SST; NELJROD6; ICAP-1A; FU23251; KCNK1; 
SLC25A4; FLJ13611; HDUP5; COX7A2; COX5A; TAC1; UQCRH; MAGEH1; 
C13oift2; BBNA1BP2; DIRAS2; MPPE1; FBS1; WFS1; PRODH; AMT; C£N3; 
ACOX1; G6PD; GCDH; COL5A1; NY-REN-24; HMGCL; TXNL2; SOD3; BCAT2; 
MT1X. 

2. A method according to claim 1, wherein the biological sample comprise* a 
peripheral tissue or cell type in which the level of the protein, or the expression level 
of the gene, correlates with the level of the corresponding protein, or the expression 
level of the corresponding protein, in the prefrontal cortex, 

3. A method according to claim 2, wherein the peripheral tissue or cell type 
comprises a blood cell 

4. A method according to claim 4, wherein the blood cell is a macrophage, a 
monocyte, a lymphocyte, an erythrocyte, a platelet, a leukocyte (either a neutrophil, 
an eosinophil, or a basophil; a lymphocyte, or a monocyte). 

5. A method of prevention, treatment, or amelioration of schizophrenia which 
comprises increasing the level or activity of die majority of the following proteins in 
the brain (in particular the prefrontal cortex) of a subject in need of such prevention, 
treatment, or amelioration: PARG; VDAC2; OLRl; ARPC3; AKPC3; UQCRFS1; 
DNCLI1; PPMlAj ATPEFl; GLRX2; 77MM17A; IDM3B; ARG2; DNAJAl; SST; 
NEUROD6; ICAP-lA; EU2325J; KCNK1; SLC25A4; FU13611; HERIP5; 
COX7A2; COX5A; TACU UQCRH; MAGEH1-, C13orfl2; EBNA1BP2; DIRAS2; 
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MPPEJj and reducing the level or activity of the majority of the following proteins in 
the brain (in particular me prefrontal cortex) of the subject: FBS1; WS1; PRODH; 
AMT; CLN3; ACOX1; G6PD; GCDH; COISA1; NY-RBN-24; HMGCL; TXNL2; 
SOP3;BCAT2;MTlX. 

6. A gene chip for use in a method of diagnosis according to any of claims 1 to 4, 
the gene chip comprising a plurality of different probes capable of hybridising to 
nucleic acid expression products of the majority of the following genes: PARG; 
VDAC2; OLR1; ARPC3; ARFC3; UQCRFS1; DNCLI1; PPMIA; ATPIFI; GLRX2; 
HMM17A; IDH3B; ARG2; DNAJA1; SST; NEUROD6; ICAP-1A; HJ232SI; 
KCNK1; SLC25A4; FU13611; HIRIP5; COX7A2; COX5A; TAC1; UQCRH; 
MAGEHl; Cl3orfl2; EBNA1BP2; DIRAS2; MPPE1; FBS1; WFS1; PRODH; AMT; 
CLN3; ACOX1; G6PD; GCDH; COLSA1; NY-REK-24; HMGCL; TXNL2; SOD3; 
BCAT2;MT1X. 



7. Use of a gene chip according to claim 6 in a method of diagnosis of 
schizophrenia. 
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Figure 2 
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Hybridization and scanning of samples: ] 
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Higher level analysis 
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